C ytokinesis is the final step in cell division. The process begins during chromosome segregation, when the ingressing cleavage furrow begins to partition the cytoplasm between the nascent daughter cells. The process is not completed until much later, however, when the final cytoplasmic bridge connecting the two daughter cells is severed. Cytokinesis is a highly ordered process, requiring an intricate interplay between cytoskeletal, chromosomal and cell cycle regulatory pathways. A surprisingly broad range of additional cellular processes are also important for cytokinesis, including protein and membrane trafficking, lipid metabolism, protein synthesis and signaling pathways. As a highly regulated, complex process, it is not surprising that cytokinesis can sometimes fail. Cytokinesis failure leads to both centrosome amplification and production of tetraploid cells, which may set the stage for the development of tumor cells. However, tetraploid cells are abundant components of some normal tissues including liver and heart, indicating that cytokinesis is physiologically regulated. In this chapter, we summarize our current understanding of the mechanisms of cytokinesis, emphasizing steps in the pathway that may be regulated or prone to failure. Our discussion emphasizes findings in vertebrate cells although we have attempted to highlight important contributions from other model systems.
Cytokinesis Occurs in Multiple Stages
The process of cytokinesis can be divided into four stages including specification of the cleavage plane, ingression of the cleavage furrow, formation of the midbody and abscission (Fig. 1) . Each stage is dependent on the proper execution of the prior stage and thus interference with any stage may result in cytokinesis failure. The first stage of cytokinesis specifies the cleavage plane by recruiting a central regulator of cytokinesis, RhoA, to the site of cleavage. If this step is perturbed, cytokinesis will not initiate properly. In the second stage of cytokinesis, the cleavage furrow ingresses through formation of an actomyosin ring and myosin-dependent motor activity. Failure at this step may lead to a lack of furrow initiation or partial ingression of the furrow followed by regression. The third stage of cytokinesis is characterized by formation of the midbody and stabilization of the cytokinetic furrow. This stage requires proper function of proteins located in the central spindle, a microtubule-based structure that separates segregated chromosomes during anaphase, and on proteins that stabilize interactions between the actomyosin ring and the central spindle. A failure at this stage will lead to regression of the cleavage furrow. The final stage in cytokinesis, abscission, is the step in which the cytoplasmic contents are finally separated from one another. This event requires the presence of a functional midbody, but also additional proteins involved in vesicle trafficking and fusion. Failure at this stage may lead to regression of the cleavage furrow or to formation of a persistent connection between the two daughter cells. Cytokinesis is thus a series of linked processes and a problem at any step of this cascade may be sufficient to induce Polyploidization and Cancer failure. Some proteins participate in multiple steps in cytokinesis and thus perturbation of their abundance or activity may be especially prone to induce cytokinesis failure.
Stage I. Positioning the Division Plane and Initiating Cytokinesis

The Importance of Microtubules
Classic micromanipulation experiments determined that the mitotic spindle dictates the position of the cleavage furrow.
1,2 However, a bipolar spindle is not necessary for induction of a cleavage furrow, 3, 4 suggesting that microtubules themselves play an essential role in initiating cleavage. Three separate populations of microtubules have been implicated in the regulation of cytokinesis ( Fig. 1; reviewed by ref. 5) . First, equatorial astral microtubules, which emanate from the spindle pole to the site of cleavage, may be stabilized in the equatorial cortical region 3 and deliver positive signals that stimulate formation and contraction of the cleavage furrow.
2 In contrast, polar astral microtubules, which emanate from the spindle pole to sites away from the site of the furrow, may help position the cleavage furrow by inhibiting cortical contractility, 6-8 perhaps by spatially biasing the pattern of myosin recruitment.
9,10 Finally, central spindle microtubules, which form an overlapping network between the spindle poles following anaphase, send positive signals that become especially important during later steps of cytokinesis. The signals sent by these distinct microtubule populations are partially redundant, ensuring that selection of the division plane is robust.
11,12
The RhoA Pathway Plays an Essential Role in Furrow Initiation
What are the positive signals delivered by microtubules that initiate furrowing at the correct place in the cell? A central event is the localized activation of the small GTPase RhoA at the site of the future furrow ( Fig. 2; reviewed by ref. 13) . RhoA is essential for furrow formation in animal cells [14] [15] [16] [17] and activated RhoA localizes to a narrow zone within the furrow. [18] [19] [20] [21] [22] Localized activation of RhoA within this narrow zone is thought to be important for efficient furrowing, as perturbations that broaden the zone of RhoA activation often lead to a failure of the furrow to form or to ingress.
19 A narrow zone of activation is established by tethering RhoA activators to the central spindle, delivering a strong yet spatially restricted signal for cytokinesis initiation.
An essential activator of RhoA is the guanine nucleotide exchange factor ECT2, 17, 19, [23] [24] [25] [26] originally identified as a protooncogene.
27 ECT2 is sequestered in the nucleus during interphase (Fig.  2) and released following nuclear envelope breakdown in mitosis, but the protein remains inactive because it exists in an autoinhibited conformation. 24, 28 In late anaphase, ECT2 localizes to the central spindle and associates with the centralspindlin complex, composed of the kinesin protein 
